ABSTRACT
Introduction
illustrates the experimental design of this work which evaluates possible 114 changes in T. melanosporum aroma produced by freezing. Two freezing temperatures (-115 20ºC and -80ºC) and different time periods (1, 20, 40 and 60 days) have been assessed.
116
The scheme shown in the figure was followed in order that to reduce the effects of the study should not be affected by the intrinsic individual variations of the truffles. Four 
Sensory analysis

129
The frozen truffles were unpackaged, sliced (∼1 mm) and left at room temperature for 2 130 h to warm the product. The samples were then presented to the panelists in closed 131 opaque containers in random order. 
Sensory descriptive analysis
133
Prior to the freezing experiment, a panel of five trained judges evaluated the quality 134 characteristics of black truffles. Two specific 1 h training sessions were carried out in 135 which the judges identified descriptive terms to define the different T. melanosporum 136 samples used in this study. As a result of these discussions, seven aroma attributes were 137 chosen as the most appropriate to describe the samples. This group of descriptors 138 comprised: sulfur, mushroom, mould, animal, boiled potatoes, butter and finally cheese.
139
In the third training session, the panelists scored the intensity of each attribute using a 140 five-point scale (5 = very intense; 4 = intense; 3 = moderate; 2 = slight and 1 = no 141 smell) and in the fourth session they were asked to score general parameters such as intensity of characteristic aroma using a nine point rating scale (9 = full typical aroma; 7 143 = moderately full aroma; 5 = moderate aroma; 3 = slight aroma and 1 =no typical 144 smell). 
Sensory discriminative analysis (triangular tests)
146
The test panel that carried out the sensory discriminative analysis was composed of 8 147 members of the laboratory staff (three women and five men, ranging from 23 to 50 148 years of age). All of them participate regularly in sensory tests.
149
To assess whether the different freezing conditions have a significant effect on the 150 aroma of T.melanosporum, triangular tests were carried out. The samples examined in 151 each test were fresh (control) and frozen (both from the same truffle). The fresh control 152 samples used on the different analysis days were obtained from the same cultivated 153 truffle-grounds and were at the same stage of maturation as those previously subjected 154 to the freezing process. Three closed containers were presented to each judge, who had 155 to decide which sample was different from the other two. The number of correct 156 answers was compared with tabulated values to decide if significant differences existed.
157
In the case of a difference being detected, the judges were asked to note the descriptors 158 which caused the difference. 159 2.5. Headspace Solid-Phase Micro Extraction (HS-SPME) 160 An SPME holder (Supelco, Bellefonte, PA, USA) was used to perform these 161 experiments. A fiber of medium polarity was needed to avoid discrimination towards 162 very non polar and polar volatile compounds. A fused silica fiber coated with a 50/30 163 µm layer of divinylbenzene/carboxen/polydimethylsiloxane (Supelco) was chosen to 164 extract the fifteen aromatic compounds.
165
The method applied for this analysis was described in (Culleré, Ferreira, Venturini, different papers (Díaz, Ibáñez, Señoráns & Reglero, 2003; Diaz, Señorans, Reglero & 168 Ibañez, 2002) , but with some changes, as for example the mass of truffle analyzed.
169
Approximately 2 grams of sample was placed in a 20 mL vial closed with a plastic film.
170
Once the desired temperature (53ºC) was reached, the vial was allowed to condition for 171 the equilibrium time (5 min). After this time, the fiber was introduced into the vial and 172 exposed to the headspace of the sample during 13.6 minutes. These extraction 173 conditions were optimized in a previous work (Diaz et al., 2002) . 
Gas Chromatography-Mass Spectrometry (GC-MS)
177
The analyses were performed with a CP-3800 chromatograph coupled to a Saturn 2200 
193
The data is expressed in area percentages. sets of data were studied with Duncan's test and significant differences were established 209 at p < 0.05.
210
All these analyses were performed using SPSS software (version 15.0) from SPSS Inc.
211
(Chicago. IL). there was a significant reduction in the term "characteristic aroma", although the 228 intensity of the aroma did not seem to be affected. However, the descriptive term
229
"sulfur", usually attributed to the characteristic aroma of truffles, did not appear to be 230 affected by freezing (irrespective of the duration or intensity, -20ºC or -80ºC).
231
Therefore, it can be deduced that in addition to the sulfur attribute, other notes 232 contribute substantially to the typical truffle aroma. Moreover, the panellists all agreed 233 that none of the frozen samples retained the aroma of fresh truffle.
234
As regards the other attributes, the descriptors "animal", "butter" and "cheese" had very 235 low intensities and were very similar in all cases, irrespective of whether the sample 236 was fresh or frozen, or even of the freezing temperature and time period. However, the 237 results for other descriptors such as "mushroom", "mould" and "boiled potatoes" were 238 more significant. The term "mushroom" appeared as a significant distinguishing 239 characteristic after 20 days of freezing but only at the higher freezing temperature of -20 240 ºC. The "mould" descriptor followed a more logical path. After freezing at -80 ºC the difference was noticeable after only one day, while for a temperature of -20ºC twenty 242 days were required for any aromatic repercussion to be detected in this note. It was 243 curious that after 20 days of freezing, maximum intensities of "mushroom" and
244
"mould" were detected. For the "boiled potatoes" attribute, on comparing the fresh with 245 the frozen samples significant changes were observed for the -20 ºC temperature after 246 60 days, while for -80 ºC these changes occurred after only 20 days. 
287
Attending to variable loadings, the aroma profiles of fresh samples were characterized 288 by higher levels of isoamyl alcohol (c6), ethyl 3-methylbutyrate (c4) and methanethiol (c1) and smaller levels of diacetyl (c3), 1-octen-3-one (c7), 1-octen-3-ol (c9), 2-290 methylisoborneol (c12) and dimethyltrisulfide (c8).
291
It is remarkable that some relevant truffle aroma such as dimethylsulfide (c2), 292 dimethyldisulfide (c5) and dimethylsulfoxide (c13) were not related to the freezing step,
293
which coincides with the sensory study, in which the sulfur odor note did not suffer any 294 significant changes during the freezing.
295
A second PCA containing only data from frozen samples was carried out in order to 2-methylisoborneol (c12) and poorer in dimethylsulfide (c2). interaction between both effects in these compounds.
309
318
A t-test was carried out to evaluate if there were any significant differences between 319 samples frozen for 24 hours (irrespective of the temperature) and the fresh samples.
320
This test was possible for all the compounds except methanethiol, for which significant 321 differences were indeed observed between the samples frozen at -20ºC and at -80ºC 
Conclusions
330
The sensory study reveals significant differences in the aroma of T.melanosporum after 7.7 ± 1.3a
6.8 ± 1.7a,A 7.2 ± 1.5a,A 6.6 ± 0.9a,A 6.4 ± 1.9a,A 7.0 ± 0.7a,A 6.9 ± 0.7a,A 6.3 ± 0.8a,A 6.6 ± 1.1a,A *Values in the same line followed by different lowercase letters show significant differences between batches for the same day (p<0.05). In this case frozen samples were always compared with the initial value for the fresh sample (day 0). Values in the same column followed by different capital letters are significantly different (p<0.05). (irrespective of temperature of -20ºC or -80ºC) and fresh samples by a two-tailed t distribution. **
Characteristic
4
Compound that differs at a significant level (> 90%) between samples frozen during 24 hours
5
(irrespective of temperature of -20ºC or -80ºC) and fresh samples by a two-tailed t distribution. a 6
Compound that differs at a significant level (>95%) between samples frozen during 24 hours at -20ºC and 7 samples frozen during this time at -80ºC.
